The temporal evolution of electron distributions and associated wave activity following substorm injections in the inner magnetosphere are investigated using data from the CRRES satellite. Equatorial electron distributions and concomitant wave spectra outside the plasmapause on the nightside of the Earth are studied as a function of time since injection determined from the auroralelectrojet index (AE). The electron cyclotron harmonic (ECH) wave amplitudes are shown to be very sensitive to small modeling errors in the location of the magnetic equator. They are best understood at the ECH equator, defined by the local maximum in the ECH wave activity in the vicinity of the nominal magnetic equator, suggesting that the ECH equator is a better measure of the location of the true equator. Strong ECH and whistler mode wave amplitudes are associated with the injected distributions and at the ECH equator, in the region 6.0 _< L < 7.0, exponential fits reveal wave amplitude decay time constants of 6.3 q-1.2 and 4.6 q-0.7 hours, respectively. Pancake electron distributions are seen to develop from injected distributions that are nearly isotropic in velocity space and, in this region, are seen to form on a similar timescale of approximately 4 hours suggesting that both wave types are involved in their production. The timescale for pancake production and wave decay is comparable with the average time interval between substorm events so that the wave-particle interactions are almost continually present in this region leading to a continual supply of electrons to power the diffuse aurora. In the region 3.8 _< L < 6.0 the timescale for wave decay at the ECH equator is 2.3 q-0.6 and 1.1 q-0.2 hours for ECH waves and whistler mode waves respectively, although the pancakes in this region show no clear evolution as a function of time.
Recent observations from the CRRES spacecraft confirm that pancakes extend up to energies of a few keV and that whistler mode and ECH waves are associated with pancakes . However, which of these two wave modes is more effective for producing pancake distributions has yet to be firmly established.
The fact that pancake distributions are observed at energies up to a few keV may have important consequences as far as the diffuse aurora is concerned. Precipitating electrons at energies of a few keV are believed to be responsible for the diffuse aurora. Kennel et al. [1970] originally suggested that ECH waves were responsible for diffuse auroral electron precipitation since they cause precipitation of electrons at energies of a few keV. Furthermore, wave amplitudes of a few mV m -1, which are less than the peak amplitudes observed by Kennel et al. [1970] , are sufficient to cause strong pitch angle diffusion [Lyons, 1974] . However, Belmont et al. [1983] found that the fraction of time that ECH waves were detected at geostationary orbit with amplitudes large enough to cause strong diffusion, and hence power the diffuse aurora, was too small. They suggested that some other mechanism must be operative. This suggestion has raised some controversy [Lyons, 1984; Belmont et al., 1984] which remains unresolved. Since there is both experimental and theoretical evidence for pancake distributions being the result of pitch angle diffusion and loss, then by studying the formation of pancakes it may be possible to identify the dominant wave mode responsible for the diffusion and hence identify the dominant mechanism responsible for the diffuse aurora.
Observations show that pancake distributions develop from electron distributions which are nearly isotropic in velocity space following substorm injection, on a timescale that is greater than 2 hours . These results were based on a study that identified the onset of particle injections from sudden increases in the electron differential number flux observed by the low energy plasma analyser (LEPA) on board the CRRES spacecraft. In this paper we examine the temporal evolution of the wave amplitudes and the particle distributions following substorm injection using the AE index to determine the time for particle injection. This enables us to present more accurate measurements of the timescales for wave decay and pancake development, to see whether there is a correlation between the time evolution of the waves and pancakes and to set tighter constraints on the particle diffusion rates required for their formation.
The CRRES instruments relevant to this study are briefly described in section 2. In section 3 the behavior of the AE index during injection events is compared with changes in the electron density measurements made by LEPA to establish a value of AE to identify injection events. In section 4 the behavior of the ECH and whistler mode wave amplitudes is examined as a function of time since injection at the nominal equator determined from the field model. The effects of modeling errors on the location of the magnetic equator are considered in section 5. In section 6 the temporal evolution of the pancake index following substorm injection is examined to see if there is a relationship between wave decay and pancake formation. In section 7 the temporal evolution of the development index is examined to help identify the dominant wave mode responsible for pancake formation. The results of this study are discussed in section 8, and the conclusions are presented in section 9.
Instrumentation
CRRES was launched on July 25, 1990. The satellite operated in a highly elliptical geosynchronous transfer orbit with a perigee of 305 km and an apogee of 35,768 km. The orbital period was 9 hours 52 min, and the initial apogee was at a magnetic local time of 0800 MLTo
The particle data used in this study were collected by the low energy plasma analyser (LEPA) instrument on board the CRRES spacecraft. This instrument consisted of two electrostatic analyzers with microchannel plate detectors, each with a field of view of 120 ø x 5 ø, one measuring electrons and the other ions in the energy range 100 eV • E • 30 keV. The analyzers were mounted on the spacecraft with the 120 ø range covering angles from 30 ø to 150 ø with respect to the spacecraft spin axis, the total range being divided into 15 zones 8 ø wide. The energy was swept, and not stepped, through the complete range 64 times per spin, synchronized to the spin period of 30 s. The instrument detected the complete pitch angle range from 0 ø to 180 ø every 30 s with a resolution of 5.625 ø x 8 ø at all energies in the range 100 eV • E • 30 keV. Further details of the LEPA instrument are given by Hardy et al. [1993] .
The wave data used in this study were provided by the plasma wave experiment on board the CRRES spacecraft. This experiment provided measurements of electric fields from 5.6 Hz to 400 kHz and magnetic fields from 5.6 Hz to 10 kHz with a dynamic range covering a factor of at least l0 s in amplitude [Anderson et 
Previous Particle Injection
In a previous study of pancake distributions the onset of a particle injection was identified from the sud- Since injection events last for a finite amount of time and can occur in close temporal proximity such that the next particle injection occurs before the AE index has fallen to "quiet" levels, a more realistic parameter for these studies is the time since the end of the previous injection (henceforth referred to as the time since injection). Therefore for the purposes of this study an injection event is said to end when the AE index falls from its elevated values observed during particle injections to below 150 nT.
Statistical Survey of Wave Amplitudes Close to the Nominal Equator
The temporal evolution of the whistler mode and ECH wave amplitudes following an injection event is first investigated using data from the CRRES plasma wave experiment. We start with the events used in the initial survey, which occurred close to the nominal equator as detailed by Meredith et al. [1999] .
The data are initially smoothed using a running 6 rain average to take out the beating effects due to dif- 
Statistical Survey of Wave Amplitudes at the ECH Equator
In the previous section the magnetic equator was obtained from the Olson-Pfitzer field model. However, the field model does not necessarily give the true location of the magnetic equator, and better estimates may be obtained using signatures in the data. For example, ECH waves are confined to within a few degrees of the magnetic equator [Gough et al., 1979] and tend to peak in amplitude at the equator [Paranicas et al., 1992] . In addition, when pancake distributions are present, the measured particle anisotropy should also peak at the magnetic equator. Therefore the data are reanalyzed using the peak ECH wave amplitude in the vicinity of the nominal equator to identify the magnetic equator (henceforth referred to as the ECH equator) to see whether this significantly affects the results. ECH waves, rather than pancakes, were used to identify the magnetic equator for two reasons. First, pancakes are not always present, and second, observations are more sensitive to the peak in the ECH wave amplitudes than the particle anisotropy due to the resolution of the LEPA instrument.
Equatorial crossings which clearly occurred inside the plasmapause were excluded from the original study. 
Wave Excitation
The wave analysis was repeated at the ECH equator using smaller values for the AE threshold to study the effect of smaller substorms on the decay timescales. The AE threshold was first reduced to 100 nT. The decay timescales were found to be •---8.6 4-2.6 and 4. 
Development Index
The pancake index does not identify the dominant wave mode responsible for their formation. However, some estimate as to the importance of diffusion by whistler mode waves can be obtained by considering the whistler mode diffusion curves. These curves, which represent the paths followed by the electrons as they diffuse through velocity space under the influence of a broad spectrum of whistler mode waves, have recently been derived by Summers et al. [1998] Figure 7b , showing that there is no clear evolution as a function of time. However, it is interesting to note that pancakes with development indices greater than 5 are common in this region. These distributions are considerably more sharply peaked at 90 ø than can be predicted by the presence of whistler mode waves alone.
Discussion
Whistler mode and ECH wave activity is enhanced at injection over the entire L range covered in this study implying that both wave types are excited by the injection process. Theoretical studies have shown that ECH waves can be excited by a loss cone distribution and whistler mode waves by a temperature anisotropy. However, the injected distributions appear to be isotropic or nearly isotropic in velocity space when measured by the LEPA instrument over a timescale of 5 min. One possibility is that the waves are generated by counterstreaming electron beams, which are often observed for short periods just prior to an isotropic injection. Following injection, a loss cone distribution will naturally form as electrons are lost to the atmosphere and excite ECH waves. However, whistler mode waves are not excited by a very narrow loss cone [e.g., Swift, 1981] . Thus the source of whistler mode waves at and following injection is not clear.
The characteristic energy of the plasma at particle injection is very high so that the diffusion curves are very sharply peaked at 90 ø . Any broadband whistler mode wave activity initially present will lead to diffusion along the diffusion curves from regions of high phase space density to regions of low phase space density. This may lead to diffusion along the curves both into the loss cone region contributing to wave growth and toward the 90 ø pitch angle contributing to •Wave decay. The distribution will thus evolve and become more anisotropic until the contours of constant'phase space density line up with the diffusion curves. Once formed, and in the absence of any other processeS, these marginally stable pancakes would no longer support Whistler mode wave growth and whistl er mode wave activity would effectively stop. ECH waves will also be supported at all phases in the growth of the marginally stable pancake while a loss cone distribution is present. Once the marginally stable pancake has formed, the whistler mode wave activity will become very weak. However, the ECH wave activity may continue leading to pancakes that are even more sharply peaked at 90 ø than could be formed in the presence of whistler mode waves alone. This may be particularly important at lower L and near the plasmapause where the loss cone is larger. More detailed theoretical work, beyond the scope of this present work, would be required to investigate what may happen to a marginally stable distribution in these circumstances.
The average time interval between successive substorm events at geostationary orbit has been measured The average offset between the magnetic equator determined from the peak ECH wave amplitude and that determined from the field model is 1.3 ø + 0.9 ø. The whistler mode wave amplitudes and the indices derived from the particle data are found to be relatively insensitive to these modeling errors. However, the ECH wave amplitudes are very sensitive to the choice of equator. The ECH equator is therefore likely to be a better measure of the true location of the magnetic equator than the nominal equator determined by the field model. 
